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ABSTRACT
Capsule: There was significant variation on the incidence of road traffic mortality across bird
species, due to seasonal and weather effects but also due to differences between years.
Aims: To assess patterns of mortality due to traffic collision for six common bird species over a
period of nine years in relation to seasonality and weather.
Methods: Road mortality surveys were performed on four road sections from 2005 to 2013 in
southern Portugal. The analysis controlled for survey frequency, and carcass persistence and
detectability.
Results: Overall, bird mortality decreased over time and was generally higher during spring and
summer months. The lack of strong relationships between the weather variables and the
observed mortality patterns suggests the existence of additional factors important in explaining
the observed trends.
Conclusions: Our study provides evidence that bird mortality due to collision with vehicles may
change between years and was highest during the breeding season. This could have population
consequences, and highlights the need to further address large temporal scales in roadkill research.
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Biodiversity worldwide is currently facing
unprecedented declines due to human activity. For the
past 500 years, there has been an increase in extinction
rates that far exceed the expected rate based on
geological records (Dirzo & Raven 2003, Hoffmann
et al. 2010, Dirzo et al. 2014, Ceballos et al. 2015).
Such trends are linked to the major causes of
biodiversity loss: habitat change, climate change,
spread of invasive alien species, over-exploitation, and
pollution (Butchart et al. 2010). Much of the
conservation efforts are focused on rare species, since,
theoretically, these face higher risk of extinction.
Common species, on the other hand, have received far
less attention (Gaston 2010, 2011, Inger et al. 2015).
Their large numbers make them significant ecosystem
shapers – creating, maintaining and modifying habitats
– and they are also involved in many biotic
interactions and support many ecosystem services,
such as decomposition, pollination, pest control, and
seed dispersal (Şekercioğlu et al. 2004, Inger et al.
2015). Despite playing key roles in terrestrial and
marine ecosystems, common species are greatly
affected by habitat loss and degradation, over-
exploitation and invasive species, often suffering large
population and distribution losses (Gaston 2010, 2011).
Many examples of this can be found in birds and the
decline of common bird species is of growing concern
(Donald et al. 2001, Fuller et al. 2005, IUCN 2014,
Loss et al. 2015).
According to the 2015 report of the British Trust for
Ornithology (BTO), 29 bird species showed a
population decline of more than 50% in recent years
(Robinson et al. 2015). In Europe, the monitoring
schemes for the last 20 years indicate that species like
European Starling Sturnus vulgaris, House Sparrow
Passer domesticus, Corn Bunting Emberiza calandra,
Woodchat Shrike Lanius senator, European Bee-eater
Merops apiaster, and European Serin Serinus serinus,
among others, are experiencing moderate declines
throughout Europe (Donald et al. 2001, Robinson et al.
2015, Alonso et al. 2019, PECBMS 2019). Furthermore,
dwindling avifauna numbers are a worldwide
phenomenon. In North America, long-term surveys
revealed that approximately 3 billion breeding birds
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disappeared over the last 48 years and an equally sharp
decrease of migratory birds passing through the
continent since 2007 (Rosenberg et al. 2019). Amongst
the most reported ecological causes to explain some of
these declines are agricultural intensification and
habitat changes (Donald et al. 2001, Robinson et al.
2015, Alonso et al. 2019). However, there are
additional anthropogenic factors that negatively affect
hundreds of millions of individuals every year, such as
predation by domestic cats, hunting, and collision with
buildings (Loss et al. 2013, Calvert et al. 2013).
Roads have numerous direct and indirect impacts on
birds and have become an issue of great concern in many
countries worldwide. The most visible impact of roads
on birds is mortality by collision with vehicles, often
called ‘roadkill’ (Forman et al. 2003). It is estimated
that between 89 and 340 million birds are killed by
traffic each year in the United States of America (Loss
et al. 2014), around 10 million in Canada (Calvert
et al. 2013), and in some European countries estimates
vary from 653,000 in the Netherlands, 1.1 million in
Denmark, more than 7 million in Bulgaria, at least 30
million in France, 8.5 million in Sweden, 9.4 million in
Germany, and 27 million in England (Erritzøe et al.
2003, Girard 2012). These are impressive numbers and
yet very little attention has been given to understand
patterns of mortality due to traffic, particularly their
temporal trends. Indeed, most studies focus on
documenting spatial patterns, concentrating on
mortality ‘hotspots’, which are useful for defining
locations for mitigation measures (Malo et al. 2004,
Langen et al. 2009). On the other hand, they are
commonly conducted over short time periods (1–2
years) and report mostly the seasonal variations in
deaths (Smith-Patten & Patten 2008, Rosa & Bager
2012). Therefore, it is fundamental to assess if this
source of mortality has been changing over the years
so we can understand its influence and possible impact
on the persistence and viability of populations.
Passerines (Passeriformes) and owls (Strigiformes)
are among the taxonomic groups most affected by road
traffic deaths (Erritzøe et al. 2003, Benítez-López et al.
2010, Carvalho & Mira 2011, Grilo et al. 2014).
Although some behavioural and ecological
characteristics contribute to a higher vulnerability of
some species, the most common species are also those
most commonly killed by traffic (Møller et al. 2011,
D’Amico et al. 2015). In southern Portugal, Santos
et al. (2016) found a strong relationship between
vulnerability to traffic deaths and foraging behaviour
and habitat type in Passeriformes, with the most
vulnerable being the small woodland species that feed
in shrubs and trees; with a higher than expected
mortality for the Goldfinch Carduelis carduelis, Blue
Tit Cyanistes caeruleus, and Blackcap Sylvia atricapilla.
Owls are also subject of high mortality rate due to
traffic, particularly the Tawny Owl (Strix aluco; Silva
et al. 2008, 2012, Santos et al. 2013). Traffic mortality
has contributed to the reduction of the Barn Owl
population in the UK (Ramsden 2003) and in view of
that, a high traffic mortality rate for Tawny Owls could
be worrying, since this species is a top predator. Thus,
if reproduction and immigration are unable to offset
the number of deaths on the roads, this could lead to a
decline in local abundance and compromise the long-
term survival of bird populations.
On the other hand, it is possible that the variation in
annual mortality patterns may be partially explained by
changes in weather conditions over the years. For
example, weather fluctuations may explain differences
in food availability for wildlife, which in turn limit
animal populations (Fuller et al. 2005, White 2008).
Less rainfall translates into lower vegetation growth and
consequently lower reproductive success of primary
consumers (herbivorous). With a reduced availability of
prey, predators must move more and may face greater
risk of mortality, such as from collisions with traffic.
In this study, we assessed how the estimates of
mortality due to traffic collisions of six bird species
varied annually and seasonally, and which weather
variables most contributed to the observed variation. In
our analysis, we included Goldfinch, Blue Tit, and
Blackcap as the species with a higher than expected
mortality, plus the Tawny Owl which is the owl species
with most casualties in roads near woodlands (Santos
et al. 2013). We will also consider the House Sparrow
(Passer domesticus) and Corn Bunting (Emberiza
calandra), since they are subject to high mortality
numbers, but in proportion to their local abundance
(Santos et al. 2016). We investigated if there were
inter- and intra-annual patterns of road mortality in
relation to vulnerability, which we define as an increase
of mortality compared to expectations. For the Tawny
Owl, it is not known whether mortality is higher or
lower than expected. We hypothesized that changes in
mortality due to traffic through the years would be
more likely to affect the Goldfinch, Blue Tit, and
Blackcap (due to their greater vulnerability according
to Santos et al. 2016) when compared with the
remaining studied species. All species occurred in the
study area during the whole year, although the
Blackcap is the only species with a considerable
population increase during winter from individuals
breeding further north, whereas the other species have
no considerable changes in population size throughout
the year (Catry et al. 2010).
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Methods
Study area
The study area was in southern Portugal, a typical
Mediterranean region, in the district of Évora (38°32′ to
38°47′ N 08°13′ to 07°55′ W). The landscape is
characterized by woodlands of Cork Oak Quercus suber
and Holm Oak Quercus rotundifolia and agricultural
areas (arable land, olive groves, and vineyards), with a
smooth and undulating relief (under 400 m above sea
level). The climate is typically Mediterranean with hot,
dry summers, and mild winters with annual rainfall
averaging 609.4 mm. During summer (in July), mean
temperature varies from 16.3°C to 30.2°C and in winter
(January) it fluctuates between 5.8°C and 12.8°C (Évora
1981–2000, IPMA 2017a). The road traffic mortality
surveys were performed on four road sections (N4,
N114, M529, and M370), totalling 37 km between Évora
and Montemor-o-Novo (online Figure S1).
Mortality dataset
Road surveys were performed by an experienced observer
driving a car at low speed (20–40 km/h) and starting at
sunrise, from 2005 to 2013. The frequency of surveys
varied between daily (2005; 16th March 2009 to 31th
October 2009; 16th March 2010 to 22nd March 2013)
and weekly (2006-2008; November 2009 to 15th March
2010, and May to December 2013). No surveys were
done during the month of April 2013. Every carcass
found was identified to the lowest taxonomic level and
its coordinates were recorded using a handheld global
positioning system (GPS) device. For more survey
details see Santos et al. (2011, 2013, 2016). Due to the
temporal extension of these surveys, it was not always
possible to guarantee the same observer, however,
methods were standardized to minimize variation
between observers, and new observers received two
weeks training before performing the survey alone.
Explanatory variables
In order to assess the influence of weather conditions on
the interannual variation of mortality patterns, we
selected the following variables: year, month, mean
monthly maximum temperature (°C; hereafter
‘mtmax’), mean monthly minimum temperature (°C;
‘mtmin’), total monthly rainfall (mm; ‘rainfall’), and
the difference in monthly rainfall in relation to mean
annual value (‘rain_sd’). Values for all weather
variables were obtained from Instituto Português do
Mar e da Atmosfera (IPMA 2017a).
Data analysis
Data organization
The dataset was first organized as a time series, with each
observation being a monthly count of observed corpses
and starting in January 2005. Thus, we built six
datasets, one for each species. When assessing
mortality counts there are a number of factors that
affect the probability of finding a carcass and,
ultimately, can lead to an underestimation of mortality
(Santos et al. 2011, Teixeira et al. 2013). Considering
that the surveying periodicity varied over the years and
smaller birds quickly disappear from roads (Santos
et al. 2011, Teixeira et al. 2013), it was necessary to
calibrate the counts of dead birds found. Carcass
detection probability was obtained using a Huso
estimator that combined the carcass persistence
probability, the observer efficiency, and the survey
interval (Korner-Nievergelt et al. 2015). It is then
possible to estimate the number of animals that have
died from the number of carcasses counted and the
carcass detection probability. We defined daily
persistence probability of 0.366 for passerine and 0.745
for owl carcasses (Santos et al. 2011). There were no
experimental data available for observer efficiency, but
we considered 0.8 for passerines and 1.0 for owls,
meaning that, being present on the road, passerines are
1.25 times harder to find than owls due to their smaller
size. We used the Horvitz-Thompson function (HT;
equals the number of carcasses found divided by the
detection probability) within the Huso estimator to
calculate the number of carcasses in each month. It
was assumed that carcasses arrive only at the beginning
of each time interval (Korner-Nievergelt et al. 2015).
General mortality trends
To characterize mortality patterns of species, temporal
trend graphics were produced for each species and
generalized linear models (with Poisson link) were
adjusted to visualize the mortality trends. The
significance of trends was assessed through the time
coefficient and amount of explained deviance (D2) for
each species. To assess the differences between
coefficients for the time trend, it was interpreted as
significantly different if there was no overlap in 95%
confidence intervals among species.
The influence of variables on mortality on roads
A preliminary selection of explanatory variables was
done with exploratory plots and Pearson correlations
that were calculated to check for collinearity (Zuur
et al. 2010). For each pair of highly correlated variables
(|rs| > 0.7), only the one with the higher correlation
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with response variables was retained for further analysis
(Tabachnick & Fidell 1996). Accordingly, mtmin and
rain_sd were discarded. A logarithmic transformation
was applied to rainfall to remove outliers and improve
normality. The response variable ‘mortality numbers’,
being count data, was modelled with a Poisson
distribution. As we had a temporal data series, we used
generalized additive mixed models (GAMM) to
incorporate the temporal correlation component of the
data and also include a Poisson link and non-linear
effects (Zuur et al. 2007, 2009). We used auto-
regressive (AR) and auto-regressive moving average
(ARMA) models with a residual correlation structure
(using alternatively, year or month) to determine the
influence of year, season, and weather conditions on
mortality trends (Zuur et al. 2009). The correlation
structure that yielded a model with the lowest Akaike’s
Information Criteria (AIC) was selected. After selecting
the best residual correlation structure, the most
informative fixed effects were evaluated. All
explanatory variables were initially entered as
smoothing terms and only remained in the model as
such if significant (P < 0.05) and non-linear (edf > 2).
The linear significant explanatory variables (edf < 2)
were kept in the model as linear terms (without the
smoothing term). The final model for each species was
selected using AIC, and an assessment of goodness of
fit was made with residual plots and amount of
explained deviation (Burnham & Anderson 2002, Zuur
et al. 2009). The explanatory variables included in the
models as non-linear (smooth) terms are graphically
presented indicating their additive effect on the
mortality numbers in the vertical axis (written as s
(name of variable, number of degrees of freedom)).
The term ‘s’ is a thin plate regression spline (Wood
2017).
Estimates and calculations of carcass detection
probability were conducted with ‘carcass’ R package
(Korner-Nievergelt et al. 2014, Korner-Nievergelt et al.
2015). Mixed models were applied using ‘mgcv’
package (Wood 2017). All analyses and graphical
outputs were performed with R version 3.3.0 (R
Development Core Team 2016).
Results
A dataset of 2533 traffic-killed birds of target-species,
was recorded between 1 January 2005 and 31
December 2013. From the total of surveyed birds,
26.6% of these were Blue Tits (n = 674), 19.5%
Blackcaps (n = 494), 15.7% Goldfinches (n = 398),
14.5% Tawny Owls (n = 368), 12.2% House Sparrows
(n = 308), and 11.5% Corn Buntings (n = 291; see
online Table S1).
From these initial 2533 carcasses, the estimated actual
number increased substantially to 7438 after accounting
for survey frequency, carcass persistence time, and
observer detectability errors (Korner-Nievergelt et al.
2014, online Figure S2). After correcting our traffic
mortality estimates, the Blue Tit and Blackcap were the
species with highest mortality numbers, accounting for
27.7% (n = 2060) and 25.8% (n = 1918) of the total
number of deaths, respectively. The Goldfinch, Corn
Bunting, and the House Sparrow had intermediate
levels of mortality with 14.9% (n = 1106), 12.7% (n =
942) and 12.6% (n = 935) of total mortality,
respectively. Among the species considered in this
study, the Tawny Owl had the lowest estimated
mortality, but still accounting for 6.4% (n = 477) of the
mortality due to road traffic.
General mortality trends
There was a general decreasing and significant trend in
the number of deaths due to traffic for all species
studied from 2005 to 2013 (Figure 1). This decreasing
trend was highest in the Blackcap (GLM coefficient =
−0.016; P < 0.001) and lowest in the Blue Tit and
Goldfinch (GLM coefficient =−0.008; P < 0.001). The
proportion of explained deviance followed a similar
trend: highest in the Blackcap (D2= 0.156) and lowest
in the Goldfinch (D2= 0.035). Although the difference
between the coefficients was small, it was significant
(non-overlapping confidence intervals) between some
species pairs: the negative trend for Blackcap was
stronger than for the remaining species (Figure 2).
Also, the coefficient values (trend) of species
‘vulnerable to traffic mortality’ (Goldfinch, Blue Tit,
Blackcap) were not significantly different from the
‘non-vulnerable’ species group (House Sparrow and
Corn Bunting) and from the Tawny Owl, as there was
overlap among estimated 95% confidence intervals of
coefficients (Figure 2). Even omitting the Blackcap, the
negative trend of Corn Bunting and House Sparrow
was stronger than that for the Blue Tit, thus not
supporting our initial hypothesis that the species
vulnerable to mortality due to traffic would have a
stronger decline in mortality (Figure 2).
The patterns of road traffic mortality were not regular
within years and there were seasonal patterns in deaths
for all species (some months with very high death
estimates and others with minimum estimates; Figure
3). In general, mortality due to traffic increased during
spring and summer months, except for the Blackcap,
for which the mortality pattern peaked in January. The
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Goldfinch, Corn Bunting, and House Sparrow showed
similar patterns, being killed more frequently between
March and July, with much lower numbers of traffic
deaths during the remaining months. Comparatively to
the other species, the mortality in the Blue Tit was
rather constant throughout the year, slightly increasing
in spring and summer. Deaths of Tawny Owls were
higher during summer, peaking in July and August,
though there was also a slight increase in January.
The influence of weather variables on mortality
trends
The best GAMM model for the Blue Tit, Corn Bunting,
and House Sparrow was an auto-regressive model
incorporating temporal dependence between
consecutive months (Table 1). The best model for the
Tawny Owl incorporated a temporal dependence
between years, while the best model for the Goldfinch
and Blackcap was an auto-regressive moving average
(ARIMA) model (Table 1). The models showed good
fit to the traffic mortality time series data after
inspection of residual plots. The amount of variance
explained was good for the Blackcap, Corn Bunting,
and Goldfinch (between 53.2% and 68.7%), but lower
for the Blue Tit, House Sparrow, and Tawny Owl
(between 23.8% and 33.6%; Table 1).
Mortality estimates of the Goldfinch through time
were best explained by year, month, temperature, and
rainfall (Figure 4). From 2005 to 2007 there was a
steep decrease in mortality, although reaching high
values in 2010, and decreasing again from 2011
onward. There was also a seasonal effect within the
year, with mortality peaking in March–June. Months
with temperatures around 15–20°C and higher than
30°C had higher probability of increased mortality of
Goldfinches. The effect of rainfall was less clear but
indicates that mortality was higher above 4 in the
graph (Figure 4), which after logarithmic back
transformation (e4 + 1), means approximately 50 mm
of monthly rainfall. The trend in mortality estimates of
the Blue Tit was best explained by year, month,
temperature, and rainfall (Figure 5). Mortality for this
species was highest in 2005 and decreased afterwards
up till 2008. From here on, it slightly increased until
2011, which was followed by another decrease. There is
also a seasonal effect within the year, with higher levels
of mortality in March–April and again in September–
October. The effects of temperature and rainfall are
more subtle, but results indicate that mortality was
higher at temperatures lower than 17°C and higher
than 30°C, while rainfall had the same effect at
monthly values around 2–7 mm and 50–90 mm.
Deaths of the Blackcaps due to traffic were best
Figure 1. Annual trends of the estimated mortality caused by roadkills for Goldfinch, Blue Tit, Blackcap, House Sparrow, Corn Bunting,
and Tawny Owl for nine years (2005–2013). A Poisson GLM model was fitted for each species. The respective coefficient (coef), its
significance (p) and explained deviance (D2) are displayed.
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explained by year, month, temperature, and rainfall
(Figure 6). Mortality decreased along the years, being
highest between 2005 and 2007. There is evident
seasonality in the mortality pattern of Blackcaps, with
more deaths recorded in winter months. In respect to
the weather variables, mortality increased between 2–
7 mm and for more than 55 mm of rainfall per month,
and when temperatures are between 10°C and 17°C
and 27°C and 34°C. Mortality of the House Sparrow
was best explained by year, month and rainfall (Figure
7). There was a decrease in mortality from 2005 to
2006, followed by a peak between 2008 and 2010, after
which it decreased again. Mortality was also highest
from March to August. The effect of rainfall on the
number of traffic deaths of House Sparrows was not
very strong, but for values lower than 55 mm,
mortality seemed to decrease. The mortality of Corn
Buntings was best explained by year, month,
Figure 2. Comparison of GLM coefficients (and respective 95% confidence intervals) of annual trends of the estimated mortality for the
six species under study (square symbol: species with higher than expected mortality – ‘vulnerable’; diamond symbol: species road-killed
in proportion to their abundance; triangle symbol: species with no information on expected mortality).
Figure 3. Seasonal trends of the estimated mortality caused by roadkills for Goldfinch, Blue Tit, Blackcap, House Sparrow, Corn Bunting,
and Tawny Owl.
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temperature, and rainfall (Figure 8). Mortality decreased
linearly through the time period (negative coefficient)
and decreased also with higher temperatures (Table 1).
Within the year, mortality started to increase at the
beginning of the year, peaking from April to June and
decreasing afterwards. For monthly values of rainfall
between 2 and 7 mm and 55 and 148 mm, the number
of traffic deaths of Corn Buntings increased. Mortality
of the Tawny Owl through the study period was best
explained by year, month, temperature, and rainfall,
the last two with linear effects (Figure 9). Mortality
lightly decreased from 2005 to 2007, remaining stable
until 2010, when a steep decrease occurred. There was
a seasonal effect within the year with mortality
increasing in March and peaking between June and
August, followed by a decline. Rainfall and maximum
temperature were negatively correlated with mortality
(−0.08 and −0.05, respectively; Table 1), so mortality
due to traffic increased during cold and dry months.
Discussion
Our results revealed an overall decreasing trend in the
number of deaths due to road traffic collisions from
2005 to 2013 for all studied species, although slightly
more evident in the Blackcap. However, the differences
detected did not support our proposed hypothesis: the
three most vulnerable species (i.e. with higher than
expected mortality: Goldfinch, Blue Tit, and Blackcap)
did not show a stronger decline when compared to
species that are killed by traffic in proportion to their
abundance (House Sparrow and Corn Bunting, Santos
et al. 2016).
While the mortality pattern was not the same
throughout the years, all species showed marked
seasonality in the number of deaths due to traffic. The
effects of weather variables were less evident, when
compared to time and season, and differed across the
species, which may suggest the existence of additional
factors important to explain the observed trends.
The declining trend of roadkills
The overall declining trend in the number of deaths due
to traffic collisions in our study area can result from three
non-exclusive main explanations: (1) a reduction in bird
populations near roads due to their negative effects; (2) a
general negative population trend in bird species due to
broad-scale effects (e.g. climate change, habitat change);
and (3) a decrease in traffic volume during the study
period.
Concerning the first explanation, many studies
mention road characteristics (e.g. traffic density, speed,
and road width) playing a key role in shaping road
Table 1. Summary of GAMM results with parameters of explanatory variables included in final models for each species (Parameters of
the smooth terms: Edf: estimated degrees of freedom of non-linear (smooth) terms, F: F test of non-linear terms, p-value: significance of
F test of non-linear terms; Parameters of the linear terms: Coef: regression coefficient of linear terms, t: t test for significance of linear
coefficient, p-value: significance of t test of linear terms. Phi: parameters referring to the residual correlation structure (for ARIMA
models there are two auto-regressive parameters). Corr str: residual correlation structure incorporated in the model (ARIMA: auto-
regressive moving average for temporal dependence with parameters (2,0) and (1,0); AR: auto-regressive model incorporating
temporal dependence between consecutive months or years). R2 adj.: percentage of explained deviation of model (%)).
Species Variables Smooth terms Linear terms Phi Corr str R2 adj
Edf F p-value Coef t p-value
Goldfinch Year 3.930 56.013 <0.001 0.06; −0.06 ARIMA(2,0) 54.7
month 3.868 105.267 <0.001
rainfall 3.277 8.571 <0.001
mtmax 3.895 26.630 <0.001
Blue Tit year 3.718 28.660 <0.001 −0.05 AR(month) 23.8
month 3.851 67.080 <0.001
rainfall 3.826 8.724 <0.001
mtmax 3.531 3.262 0.0099
Blackcap year 3.847 95.990 <0.001 −0.08; 0.86 ARIMA(1,0) 68.7
month 3.686 43.115 <0.001
rainfall 3.730 9.662 <0.001
mtmax 3.975 47.416 <0.001
House Sparrow year 3.933 66.541 <0.001 −0.07 AR(month) 25.2
month 3.636 51.747 <0.001
rainfall 2.896 9.805 <0.001
Corn Bunting year −0.12 −6.340 <0.001 −0.04 AR(month) 53.2
month 3.937 164.620 <0.001
rainfall 3.886 11.870 <0.001
mtmax −0.06 −3.085 0.003
Tawny Owl year 3.060 13.076 <0.001 0.16 AR(year) 33.6
month 3.745 6.757 <0.001
rainfall −0.08 −1.703 0.092
mtmax −0.05 −2.013 0.047
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casualties and population density near roads (Clevenger
et al. 2003, Erritzøe et al. 2003, Husby 2017). The Tawny
Owl is often less abundant or absent in the proximity of
roads with high traffic density due to factors such as
traffic disturbance, loss of habitat quality, and habitat
fragmentation (Silva et al. 2012). The number of
fledglings per breeding attempt of Great Tits Parus
major can be reduced in areas adjacent to fast and
frequent traffic due to the death of the parent birds on
roads (Holm & Laursen 2011). Great Bustard Otis tarda
populations in Portugal are concentrating
geographically, and one of the reasons for the local
population declines is road building (Pinto et al. 2005).
Thus, birds may respond to roads with strong declines
in local density (Reijnen et al. 1997, Parris & Schneider
2009, Kociolek et al. 2011, Polak et al. 2013). Bird
abundance near roads could also be affected by the
surrounding habitats and their quality (Erritzøe et al.
2003, Orłowski 2008, Rosa & Bager 2012, Santos et al.
2016). The value of roadside vegetation and hedgerows
for birds has been subject to some discussion. Some
studies show their positive role in transforming
roadsides into suitable habitats (Morelli et al. 2014,
2015), while others highlight the higher mortality in
such areas (Orłowski 2008). Roadside vegetation is used
by many bird species as a breeding, foraging, and
resting area (Laursen 1981), but it can potentially act as
an ecological trap. This is of importance when certain
Figure 4. Non-linear factors affecting the temporal distribution of roadkills for Goldfinch. Fitted smooth terms (written as s(name of
variable, number of degrees of freedom)) for Goldfinch mortality (solid lines) and confidence intervals (dashed lines); top left panel:
year, top right panel: month, bottom left panel: rainfall, bottom right panel: maximum temperature.
Figure 5. Non-linear factors affecting the temporal distribution of roadkills for Blue Tit. Fitted smooth terms (written as s(name of
variable, number of degrees of freedom)) for Blue Tit mortality (solid lines) and confidence intervals (dashed lines); top left panel:
year, top right panel: month, bottom left panel: rainfall, bottom right panel: maximum temperature.
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habitat types (e.g. woody vegetation in cropland borders)
are only present along the communication routes,
attracting birds to the area and potentially making them
more vulnerable to road traffic (Orłowski 2005, 2008).
However, this seems to be an unlikely explanation in
our case as habitat quality of areas crossed by the roads
was high overall (Silva et al. 2012, Santos et al. 2013,
2016, Salgueiro et al. 2018). Although there have been
no significant changes in the landscape that could justify
a decrease in bird abundance (S. Santos, pers. obs.), in
recent years, especially since forest fires of 2005, the
frequency of vegetation cutting on road verges has
increased in Portugal (A. Mira, pers. obs.). Therefore,
this may have contributed to reduce the attractiveness of
road verges to most birds, which in turn could
contribute to reduce the number of road casualties.
Regarding the second explanation (i.e. broad-scale
population changes), this could apply mostly to the
Blackcap, since a reduction in mortality throughout the
years could result from differences in migration flows
due to strong worldwide trends and climate change.
Many studies report an association between bird
migratory phenology and weather variables, with the
recent shifts in migration periods being a response to
climate change (Gordo 2007, Jonzén et al. 2007). The
Blackcap shows a moderate increasing trend in
Portugal and elsewhere in Europe (Alonso et al. 2019,
PECBMS 2019), which is not consistent with its
negative trend as roadkill. Nevertheless, there can be a
regional decrease in the wintering population of the
Blackcap as a result of range compression in wintering
distribution (Fando & Telleria, 2018). Although we
have no data available and it would require future
verification, the decrease in mortality from collision
with vehicles could also be a consequence of a local or
regional decline in the resident populations of the
Blackcap. The House Sparrow is one of the most
frequently reported species killed by traffic, both in
neotropical and temperate zones (Erritzøe et al. 2003,
Rosa & Bager 2012). Despite its large range in Europe,
House Sparrows have been declining since 1980 (De
Laet & Summers-Smith 2007, BirdLife International
2017). Similarly, the European trend of the Corn
Bunting also shows a population decline. However, the
other target-species are either stable or show moderate
increases in their numbers across Europe and Portugal
(Meirinho et al. 2013, SEO/BirdLife 2014, GTAN-
SPEA 2016, BirdLife International 2017). Thus, a
general decreasing trend in roadkills seems unexpected,
unless the regional trend of populations is somewhat
different to the national trend. Still, we should consider
the possibility that population trends near and far from
main roads may have opposite directions – despite a
general population increase, abundance near main
roads might be declining from continuous and
accumulated effect of mortality and disturbance.
Regarding the last hypothesis (decrease in traffic
volume), the probability of collision between a bird and
a vehicle is likely to increase with traffic volume
(Clevenger et al. 2003), thus reducing the survival rate
of birds in roadside habitats. In Portugal no estimate is
available for the trend of traffic volume (ITF 2016), so
we cannot accurately assess the influence of traffic
volume changes on shaping mortality throughout the
years in our study area. However, from 2008 to 2010
almost all species showed a decline in mortality which
Figure 6. Non-linear factors affecting the temporal distribution of roadkills for Blackcap. Fitted smooth terms (written as s(name of
variable, number of degrees of freedom)) for Blackcap mortality (solid lines) and confidence intervals (dashed lines); top left panel:
year, top right panel: month, bottom left panel: rainfall, bottom right panel: maximum temperature.
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could be related to a decrease in traffic volume due to the
recent economic crisis. In Spain, there was a decrease by
14% of the traffic volume between 2007 and 2013, and
the number of registered vehicles also slightly decreased
as a result of the economic downturn (ITF 2016).
Portugal was also affected by this crisis so possibly the
same traffic drop occurred at the time, which may have
led to a decrease in roadkills.
The role mortality alone plays in reducing bird
densities near roads is sometimes dismissed (Reijnen &
Foppen 2006), perhaps because it is correlated with
other factors that are often difficult to disentangle. But
some studies have suggested that traffic mortality is the
main factor contributing to the decline in bird
abundances (Summers et al. 2011, Jack 2013).
Considering that mortality numbers can be quite high
for some species, it is possible that after a while,
roadkills may exert selection, favouring individuals that
either learn to avoid roads or have characteristics that
allow them to avoid vehicles, and thus reduce the
number of casualties. In the Cliff Swallow Petrochelidon
pyrrhonota in Nebraska, USA, a decline in road
mortality observed over 30 years could not be explained
by decreases in abundance or traffic volume. It resulted
from a selective mortality favouring individuals whose
wing morphology (larger wing length) allowed for a
better escape from vehicles (Brown & Brown 2013).
Seasonality of roadkills
The seasonal patterns of roadkills observed for the six
species seem mainly associated with the phenological
Figure 7. Non-linear factors affecting the temporal distribution of roadkills for House Sparrow. Fitted smooth terms (written as s (name
of variable, number of degrees of freedom)) for House Sparrow mortality (solid lines) and confidence intervals (dashed lines); top left
panel: year, top right panel: month, bottom left panel: rainfall.
Figure 8. Non-linear factors affecting the temporal distribution
of roadkills for Corn Bunting. Fitted smooth terms (written as s
(name of variable, number of degrees of freedom)) for Corn
Bunting mortality (solid lines) and confidence intervals (dashed
lines); left panel: month, right panel: rainfall.
Figure 9. Non-linear factors affecting the temporal distribution
of roadkills for Tawny Owl. Fitted smooth terms (written as s
(name of variable, number of degrees of freedom)) for Tawny
Owl mortality (solid lines) and confidence intervals (dashed
lines); left panel: year, right panel: month.
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traits that make them more vulnerable to collision with
vehicles, as reported in previous studies (Carvalho &
Mira 2011, Rosa & Bager 2012, Garriga et al. 2017).
For the five species that are resident in the study area,
mortality generally peaked in spring-summer, mostly
between April and September. This corresponds to the
periods of breeding activity (incubation and fledging)
and juvenile dispersal (Erritzøe et al. 2003, del Hoyo
et al. 2015). This last period results in an increase in
abundance of individuals (especially inexperienced
ones), which may explain the increased mortality
(Erritzøe et al. 2003, Grilo et al. 2014). Particularly in
the case of the Tawny Owl, the number of roadkills
seems greater during post-natal dispersal, suggesting
that juvenile individuals are more vulnerable to
collision with vehicles than adults. In our study area,
juveniles may represent 56% of the Tawny Owl
casualties along the year (Santos et al. 2013). On the
other hand, during the fledging period, adults need to
do frequent movements, and often longer ones, to be
able to feed their young, which may cause birds to
cross roads more frequently, or use road verges to
search for food, potentially increasing mortality risk
(Kuitunen et al. 2003, Holm & Laursen 2011). When
considering all bird species, from November to January
there may be fewer individuals killed as the migratory
species head south. However, when most trans-Saharan
migrants are already in Africa, many birds of common
species coming from higher latitudes arrive (Elphick
2007). In many cases, this wintering contingent
increases the ranks of the resident population. This is
the case for the Blackcap which our results show to die
more during the winter months, a period when there is
a large population increase due to the arrival of birds
breeding in central and northern Europe and wintering
in southern Europe (Cramp & Brooks 1992).
Another possible explanation for higher birdmortality
on roads during spring-summer is the intensification of
traffic volume during this period, or a greater overlap of
traffic peaks with day periods of higher bird activity
(Erritzøe et al. 2003). During winter, on the other hand,
there is a shorter length of daylight and generally less
traffic (Erritzøe et al. 2003). An increase in food
availability near roads for seed-eating birds due to
agricultural crops and harvest during summer months
may also explain higher bird mortality (Erritzøe et al.
2003, Rosa & Bager 2012). The flocking behaviour
observed outside the breeding season for some species
(e.g. Goldfinch, Corn Bunting) could also influence
vulnerability to traffic (Lima & Dill 1990, Møller et al.
2011, Cook & Blumstein 2013). Lastly, when comparing
roadkills from different countries for some species, it is
important to consider that seasonal patterns of avian
mortality may vary from place to place as a result of
geographical variations in their ecology and phenology
(Erritzøe et al. 2003).
Relationship between roadkills and weather
Despite the role weather plays in many aspects of the life
traits and activity patterns of birds, very few studies
considered its influence in road fatalities. We might
expect that more extreme weather conditions, such as
the severe drought verified in Portugal in 2005 (García-
Herrera et al. 2007, Climatic Characterization of the
Year 2005, IPMA 2017b), would have a considerable
impact on population density and space use due to
limited resources and, thus, enhance road casualties
(Erritzøe et al. 2003). Weather conditions affect the
metabolic rate of birds (e.g. cold weather requires more
energy to maintain body functions) and can influence
foraging conditions (Crick 2004). Therefore, roads
could be attractive to animals during more extreme
weather conditions, increasing their likelihood of being
hit, by offering cover and food because of moister
conditions and more abundant vegetation on verges, in
contrast to the surrounding areas (Erritzøe et al. 2003,
Orłowski 2005, Morelli et al. 2014).
Our results suggest a correlation between roadkills
and rainfall and temperature for most species. Garriga
et al. (2017) reported similar results in northeast Iberia,
with bird roadkills being positively associated with
temperature and negatively related to humidity and
irradiation. However, in our study, the relationship
with rainfall and temperature was not so clear, which
may suggest that there are other factors with greater
influence on the number of bird roadkills.
Conclusions
The decline in roadkills over nine years we observed in six
common species provides concrete data that mortality due
to collision with vehicles changes over time. Road raffic
collisions are a significant source of mortality for birds,
mainly during the breeding period, and the lack of
information on its demographic consequences poses a
severe threat to the long-term survival of animals in road
habitats. This requires continuous monitoring of roadside
populations and road features. The estimated mortality
for the Tawny owl (a predator) was just half of that of
three common passerines (Goldfinch, Corn Bunting, and
House Sparrow), suggesting that Tawny Owls are
particularly vulnerable to death from traffic collisions.
The overall impact of roadkills in the long-term
persistence of a population may depend on particular
circumstances (e.g. time of year, weather), species, and
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road characteristics, which can act in synergy with each
other. Therefore, future research should take into account
all the factors along large temporal scales.
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